The importance of neuroticism for mental health care use and public health is well established. However, most research has focused on the association between neuroticism and a single specific disorder or health outcome, and the overall effect of neuroticism on use of somatic and mental health care and on society is not clear.
I
T IS WELL ESTABLISHED THAT NEUrotic people are more vulnerable to mental disorders, including depression, anxiety disorders, schizophrenia, eating disorders, and personality disorders. [1] [2] [3] [4] [5] Furthermore, neuroticism is related to higher levels of comorbidity, 6 to the onset of comorbidity, 7 and to greater use of mental health services. 8 Neurotic patients more often express medically unfounded somatic complaints, 9, 10 and several studies suggest that neuroticism is associated with general health problems, including cardiovascular disease, 11 asthma, 12 and irritable bowel syndrome, 13 even after controlling for depression and other risk factors. 14, 15 Although the term neuroticism has its roots in freudian theory, modern definitions of neuroticism are purely descriptive and refer to a tendency to respond with a negative emotional response to threat, frustration, or loss. 8, 16, 17 Neuroticism is moderately heritable, with genetic factors determining 50% to 60% of their variance, 18, 19 and it may reflect much of the genetic vulnerability to mood disorders. 3, 20 Some evidence suggests that neuroticism is associated with the serotonin system. 18 Molecular genetic and positron emission tomography studies have associated neuroticism with serotonin receptor polymorphisms and binding, 21, 22 and there may be a link between neuroticism and the functional polymorphic variants of the serotonin transporter gene. 23 Although the importance of neuroticism for public health is doubted by few, the overall effect of neuroticism is not clear. Most research has focused on the association between neuroticism and a single specific disorder or mental health outcome. 8 Although this research suggests that neuroticism has a considerable effect on many aspects of health, these studies do not give a complete indication of the overall effect of neuroticism.
A possible method for assessing the overall effect of neuroticism is to examine its economic costs for society. These costs are not directly related to 1 specific mental disorder or facet of neuroticism, and they may, therefore, give an impression of the overall effect of neuroticism on mental health care use and on society in general. We examined these costs in a representative, population-based study. The first goal was to calculate the overall economic costs of neuroticism and to compare these costs with those associated with common mental and somatic disorders. The second goal was to examine whether the costs of neuroticism can be attributed to mental and somatic disorders.
METHODS

PARTICIPANTS AND PROCEDURE
We used the data from the Netherlands Mental Health Survey and Incidence Study (NEMESIS), which have been described in detail elsewhere. 24 A random, stratified, multistage sample was obtained in 3 steps at baseline. First, municipalities were stratified by urbanization, and 90 municipalities were drawn randomly and proportionately from these strata. Second, in each municipality, households were randomly drawn from the postal register. Third, in each household, the person with the most recent birthday was selected on the condition that he or she was aged 18 to 65 years and sufficiently fluent in Dutch to be interviewed. Eligible persons who were not immediately available were contacted later in the year. The response rate was 69.7%, resulting in a sample of 7076 people at baseline. The sample followed the same multivariate distribution for age, sex, civil status, and urbanity as the general Dutch population; however, men in the age group 18 to 24 years were slightly underrepresented. All the data were collected in structured face-to-face interviews.
At the first follow-up, which occurred 1 year (mean [SD], 379 [35] days) after baseline measurement, 5618 persons (79.4%) continued their participation. The present study is based on the first follow-up sample because medical consumption and economic costs were measured at that time. In the present study, we want to examine the association between neuroticism, common mental disorders (mood, anxiety, and substance use disorders), and somatic disorders. We excluded 114 individuals with DSM-III-R mental disorders with a 1-year prevalence of less than 1% (as measured using the Composite International Diagnostic Interview [CIDI]: schizophrenia, bipolar disorder, obsessivecompulsive disorder, and eating disorder) because the 95% confidence intervals (CIs) around the costs associated with these disorders were very broad. These individuals were excluded regardless of whether they had 1 or more common mental disorders. This resulted in an effective sample size of 5504.
We evaluated the effect of attrition from baseline to follow-up and found that after adjustment for demographic variables, a 12-month mental disorder at baseline only slightly increased the probability of loss to follow-up between baseline and 1-year follow-up (odds ratio, 1.20; 95% CI, 1.04-1.38). 25 Corrective weights were used to improve generalizability.
MEASURES
Neuroticism was assessed using the 14-item version of the neuroticism scale from the Amsterdam Biographic Inventory. 26, 27 This questionnaire is based on the Maudsley Personality Inventory 28 and is a much used personality questionnaire in the Netherlands. The internal consistency of this scale was satisfactory (Cronbach ␣=.80). The correlation with the neuroticism scale of the Revised NEO Personality Inventory, 29 one of the most wellresearched personality inventories, is 0.75. 30 It contains items such as "Are you often dissatisfied and grumbling?" "Do you take disappointments so seriously that you cannot get it out of your mind?" and "Do you have the feeling that you are eventually alone in the world?" The scores on the scale range from 0 to 28. To be able to calculate the costs associated with neuroticism, we divided the population into categories of neuroticism. We calculated the economic costs of the 5%, 10%, and 25% highest scorers. To examine the association between level of neuroticism and economic costs further, we also made categories of neuroticism: very low (score of 0-5), mild (score of 6-10), moderate (score of [11] [12] [13] [14] [15] , high (score of [16] [17] [18] [19] [20] , and very high (score Ͼ20).
The DSM-III-R Axis I disorders were assessed using the CIDI, 31 Dutch 2.1 version. 32 The CIDI is a fully computerized psychiatric interview and can be used by trained interviewers who are not physicians. The CIDI is used worldwide, and World Health Organization field trials have documented acceptable reliability and validity. [33] [34] [35] [36] [37] In this study, the following DSM-III-R disorders during the past year were examined: major depressive disorder, dysthymia, anxiety disorder (panic disorder with or without agoraphobia, generalized anxiety disorder, simple phobia, social phobia, or agoraphobia without a history of panic), and substance use disorder (abuse or dependence). We also calculated the total number of mental disorders (0, 1, 2, and Ն3).
SOMATIC DISORDERS
From a list of 31 chronic somatic disorders, participants selfreported the presence of 1 or more conditions being treated or monitored by a physician in the 12 months before baseline. Examples included asthma, emphysema, osteoarthritis, heart disease, peptic ulcer, and diabetes. The demographic variables examined included sex, age, educational level, paid job status, and living with a partner or not.
RESOURCE USE AND COSTING
All costs are expressed in US dollars for the reference year 2007. For conversion from euros to US dollars, we used Purchasing Power Parities, which are currency conversion rates that convert currency and equalize the purchasing power of different currencies (see http://www.oecd.org/std/ppp). Because the time frame of this study is restricted to this single year, we did not correct for inflation and did not discount costs. Conceptually, the following types of costs can be distinguished 38, 39 : direct medical costs, direct nonmedical costs, and indirect nonmedical costs.
Direct medical costs are the costs of health service resource use. All direct medical costs refer to costs incurred in the mental health care sector in the Netherlands. We also included general practitioner costs and costs of social work and physiotherapy because people with mental health problems often use these services. Information on participants' use of health services was obtained using a prototype version of the Trimbos iMTA Questionnaire for Costs Associated With Psychiatric Illness. 40 This questionnaire registers the number of general practitioner visits, sessions with psychiatrists, etc. In a next step, medical resource use was costed by multiplying the number of health service units (consultations, hospital days, etc) by the full economic unit cost price (obtained from Oostenbrink et al 41 ). To these costs we added the costs of pharmacologic interventions as the cost per standard daily dose (obtained from the Pharmaceutical Compass at http://www.fk.cvz.nl), plus 6% value added tax, multiplied by the average number of prescription days, plus the pharmacist's dispensing costs of $7.91 per prescription.
Direct nonmedical costs arise when patients travel to health service providers and pay for parking. In the Netherlands, the av-(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 67 (NO. 10), OCT 2010 erage travel distance between a random address and a general practitioner's practice is 1.8 km. Travel distances to other health services are also known. 41 This information was combined with the information about actual use of health services. Travel distances were valued at $0.17 per kilometer, and 1 hour of parking time was valued at $2.70. To this we added the costs of the patients' time spent in travel, waiting, and treatment at $9.00 per hour. Details of the costs have been presented elsewhere. 38, 39 Indirect nonmedical costs arise when production losses occur due to illness. Participants were asked about the number of days absent from work. These days are divided into workdays (resulting in production losses due to loss of workdays) and days spent in bed while not having to work (resulting in production losses in the domestic sphere). To value a lost day in a paid job, we used the costs that represent the age-and sex-specific monetary value of production losses that occur during absence from work. 42 For persons too ill to perform domestic tasks (with or without a paid job), these costs were valued at the market price of domestic help ($9.00 per hour). The market price is used for these costs because they are assumed to reflect the true costs. All cost calculations were conducted in accordance with the latest Dutch guideline for health economic evaluations, 41 which closely resembles other international guidelines.
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ANALYSES
First, we examined the associations between levels of neuroticism and demographic variables and the associations between levels of neuroticism and the presence of mental and somatic disorders. These associations were examined using multiple regression analyses (with neuroticism as a continuous variable).
Then we conducted a series of multiple regression analyses to examine the (unadjusted) economic costs of neuroticism. In the first analysis, the overall per capita costs were used as the dependent variable and level of neuroticism was used as the predictor. We conducted separate analyses for the 5%, 10%, and 25% highest scorers and repeated all those analyses for the total, direct medical, direct nonmedical, and indirect nonmedical costs.
To account for initial nonresponse and dropout, corrective weights were used. After weighting, the sample followed exactly the same multivariate distribution for age, sex, civil status, and urbanization as the population according to Statistics Netherlands (downloadable from http://www.cbs.nl).
To account for the possible nonnormality of the cost data, sample errors, 95% CIs, and P values were based on 1000 bootstrap replications, and at each bootstrap step, robust sample errors were obtained using the first-order Taylor series linearization method. The latter was performed to obtain correct 95% CIs and P values under weighting.
The bootstrap method is often used for getting 95% CIs in economic studies, especially when it is expected that standard statistical theory may not hold, as might have been the case for the nonnormally distributed cost data. For the present data, we found that the bootstrap 95% CIs were nearly identical with the CIs obtained with the help of the robust standard errors (based on the Taylor series linearization method). So, for these data, there is no appreciable difference. Nevertheless, we lend preference to the bootstrap CIs because they are more robust.
Then we used the per capita excess costs to calculate the costs per 1 million inhabitants aged 18 to 65 years. This includes all cost categories (health service uptake, out-of-pocket costs, and production losses) and is equivalent to the per capita excess costsϫprevalenceϫ10 6 ). For comparative purposes, we also calculated the excess costs of common mental and somatic disorders per 1 million inhabitants aged 18 to 65 years. For these excess costs per 1 million inhabitants, we used the 12-month prevalence rates of mental disorders as reported earlier. 24 Finally, we examined to what extent the excess costs of neuroticism can be attributed to mental and somatic disorders. We conducted a series of regression analyses with the overall per capita excess costs as the dependent variable, and as predictors we used the different levels of neuroticism, the 3 categories of common mental disorders, and somatic disorders. Then we conducted another series of regression analyses using the overall per capita excess costs as the dependent variable and the levels of neuroticism, common mental disorders, somatic disorders, and demographic variables as predictors. Finally, we repeated these analyses using the same dependent variables and predictors but replaced the variables indicating the common mental disorders with the variables indicating the total number of mental disorders. All the analyses were conducted using a software program (STATA version 8.2/SE for Windows; StataCorp LP, College Station, Texas). Table 1 provides the percentages of people in the general population with varying levels of neuroticism according to different categories of demographic and clinical characteristics. Higher levels of neuroticism are found in women, in people who live alone, in those without a paid job, in those with less education, and in older people. People with higher levels of neuroticism have a mental disorder considerably more often. Among people with the highest 5% neuroticism score, more than 40% have a mood disorder, and more than 60% meet the criteria for any mental disorder in the past year. In this 5% highest scoring category of neuroticism, approximately twothirds have a somatic disorder compared with 40% in the total general population. Most associations between neuroticism and demographics, mental disorders, and somatic disorders are highly significant (PϽ.001) ( Table 1) .
RESULTS
NEUROTICISM IN THE GENERAL POPULATION
PER CAPITA EXCESS COSTS BY LEVEL OF NEUROTICISM
In Table 2 , total excess per capita costs (unadjusted) are given, as are the direct medical (health service uptake), direct nonmedical (patients' out-of-pocket costs) and indirect nonmedical (production losses stemming from absenteeism) per capita excess costs for the 5% highest scorers for neuroticism. We also present the excess costs for the 10% and 25% highest scorers. The total excess per capita costs of the 5% highest scorers were $12 362. These costs should be interpreted as the excess costs of neuroticism because every person generates, on average, a "base rate" of $3641 annually (unadjusted value), and the additional $12 362 can be uniquely attributed to neuroticism as costs over and above the base rate costs. This base rate (constant in Table 2 ) is the intercept from the regression analyses, indicating the average costs adjusted for neuroticism. Thus, the actual costs for a person among the 5% highest scorers are $12 362ϩ$3641=$16 003 in a given year.
The base rate in Table 2 refers to mean costs in each individual after controlling for the effect of neuroticism. The effect of the 25% highest scorers on this base rate is higher than the 5% highest scorers because this group contains more people despite the higher per capita costs in the 5% highest scorers. The base rate is, therefore, higher in the 5% highest scorers compared with in the 25% highest scorers ( Table 2) .
The total per capita excess costs were $8243 for the 10% highest scorers and $5572 for the 25% highest scorers. Most of the costs were related to production losses (indirect nonmedical costs).
EXCESS COSTS PER 1 MILLION INHABITANTS
The excess costs of the different levels of neuroticism per 1 million adults are given in Table 3 . The total (unadjusted) excess costs of the 5% highest scorers on neuroticism are $618.1 million per year per 1 million inhabitants in the age group of 18 to 65 years. Although the per capita excess costs in the 10% highest scorers are lower a We tested whether neuroticism differed from the rest of the population using multiple regression analyses (with neuroticism as a continuous variable). All the tests were significant at P Ͻ.001 except in the cells with § (P Ͻ.05) and ¶ (not significant). than those in the 5% highest scorers, the excess costs per 1 million inhabitants are considerably higher ($824.3 million) because the prevalence is twice as high. The excess costs per 1 million inhabitants in the 25% highest scorers are still larger despite the lower per capita excess costs ($1.393 billion per year).
For comparative purposes, we also present the (unadjusted) excess costs of mood disorders, anxiety disorders, substance use-related disorders, and somatic disorders in Table 3 . The per capita excess costs of the 5% highest scorers on neuroticism are considerably higher than those of any of the 3 major categories of mental disorders. The per capita excess costs of the 10% highest scorers are also higher than those of the 3 categories of common mental disorders. The 10% highest scorers on neuroticism have approximately the same per capita excess costs as people who have 2 mental disorders at the same time. The excess costs per 1 million inhabitants associated with neuroticism are approximately 2.5 times higher ($1.393 billion per year) than the costs associated with all 3 categories of mental disorders ($585 million per year).
EXCESS COSTS OF NEUROTICISM AFTER ADJUSTMENT FOR SOMATIC AND MENTAL DISORDERS AND DEMOGRAPHICS
To examine whether the excess costs of neuroticism can be attributed to the increased risk of somatic and mental disorders in people with high neuroticism scores, we conducted another series of regression analyses. In these analyses, the per capita costs were entered as the dependent variable, and as predictors we entered neuroticism (high/lower) and the 3 main groups of mental disorders and somatic disorders. Even after adjustment for mental and somatic disorders, the excess costs of neuroticism are high ( Table 4) . In the 5% highest scorers, the excess costs are still approximately twice as high as those of a mood disorder and of a somatic disorder. In the 10% highest scorers, the excess costs are still higher than those of any other mental or somatic disorder. Only in the 25% highest scorers are the excess costs lower than those of a mood disorder or a somatic disorder but still higher than the excess costs of an anxiety disorder or a substance use disorder.
We also conducted the same analyses with the same dependent variable and predictors but replaced the variables indicating the presence of a mental disorder with variables indicating the number of mental disorders (0, 1, 2, or Ն3 disorders; results are not reported in Table 4 ). These results indicate that in the 5% highest scorers, the per capita excess costs were higher ($7470) than were the excess costs associated with having 2 mental disorders ($6237) but lower than were the costs associated with having 3 or more mental disorders ($14 257). In the 25% highest scorers, the per capita excess costs ($3696) were higher than having 1 mental disorder ($707) but lower than having 2 ($6478) or 3 or more ($16 036) disorders.
Next, we conducted another series of regression analyses with the per capita excess costs as the dependent variable, and neuroticism, mental disorders, somatic disorders, and demographic variables (sex, living alone, having a paid job, age, and level of education) were entered simultaneously as predictors. As can be seen in Table 4 , the results were comparable with those of the earlier analyses. In the 5% highest scorers, the excess costs were still almost twice as high as the costs of a mood disorder or a somatic disorder; the costs in the 10% highest scorers were still higher than the excess costs associated with a mood disorder or a somatic disorder; and the excess costs in the 25% highest scorers were still higher than the costs of an anxiety disorder or a substance use disorder.
For illustrative purposes, we graphically present the per capita excess costs at different levels of neuroticism (very low, mild, moderate, high, and very high) (Figure) . In participants with a very high level of neuroticism, the per capita excess costs are $22 271, and they decrease steadily with the level of neuroticism (the total excess costs in very low neuroticism are $2797). After adjustment for common mental disorders, the total excess costs have a similar pattern ranging from $15 534 in the highest category of neuroticism to $857 in the lowest category. We also present the direct medical excess costs in the Figure. As can be seen, the pattern of these costs is comparable with that of the total excess costs.
COMMENT
We found that the economic costs of neuroticism exceed those of common mental disorders and those of somatic disorders. The 5% highest scorers cost more than 1.5 times as much as a mood disorder, the most expensive of the 3 major categories of common mental disorders, and approximately 3 times as much as a somatic disorder. The 10% highest scorers on neuroticism still cost more than a mood disorder and almost twice as much as a somatic disorder. At the population level, the excess costs of the 25% highest scorers were almost $1.4 billion per 1 million inhabitants, which is approximately 2.5 times as high as the total costs of common mental disorders (almost $600 million per 1 million inhabitants) and approximately two-thirds the costs of somatic disorders. Earlier research has focused on the association between neuroticism and specific disorders or health outcomes. These studies give only a partial picture of the overall effect of neuroticism. The present study shows that the effect of neuroticism on mental health care and population health is enormous and that the associated economic costs exceed those of common mental disorders by far.
Neuroticism is not a fixed characteristic but varies from zero to severe on a continuous scale. In the present study, we examined the 5%, 10%, and 25% highest scorers on neuroticism. These thresholds are admittedly arbitrary and could be easily replaced by other thresholds. The results of this study show that there is a continuously increasing relationship between the economic costs and level of neuroticism ranging from low per capita costs in the lowest level of neuroticism (Ͻ$3000) to very high costs in the highest level of neuroticism (Ͼ$22 000).
The costs of neuroticism are not limited to the costs associated with common mental disorders and somatic disorders. Although there is a clear association between neuroticism and these disorders, the excess costs of neuroticism are still very high after adjustment for these disorders. This should not come as a surprise because neuroticism has been found to be associated with many other mental disorders, including personality disorders and somatoform disorders. 5 The strengths of this study include the relatively large, representative community sample (N=5504), the inclusion of direct medical and nonmedical costs, as well as indirect nonmedical costs, and the use of well-validated diagnostic instruments to assess the presence of mental disorders. There are, however, also some limitations. First, although the number of participants was large, it was relatively small for economic studies, 46 which resulted in large standard errors and CIs. Second, we used data from the second measurement wave of the NEMESIS; at this measurement point, some attrition had taken place that may have distorted the results. However, corrective weights were used to control for selective dropout. A third limitation is that we collected economic data associated with mental health and did not include all health care costs associated with somatic disorders but only those costs resulting from the use of mental health services, primary medical care, social work, and physiotherapy. This underestimates the total costs for somatic disorders. However, if we would have been able to examine specialty medical care and surgery, it is possible that an even stronger picture would have emerged because it is likely that highly neurotic persons use these high-cost specialty services at high rates. Also, the NEMESIS data do not allow estimation of the costs stemming from being less productive while at work ("presenteeism" as opposed to "absenteeism"). The literature shows that the costs due to presenteeism can be substantial. 47 Another important limitation is that medical consumption and absenteeism due to mental and somatic disorders largely depend on the way health care is organized in a particular country and its social security system. Therefore, costs differ largely across countries, and it is not possible to generalize the results of this study directly to another country. Although the costs in this study are calculated for the Netherlands, it does seem probable that neuroticism also plays a highly important role in the costs of health care systems in other Western countries.
We also remind the reader that this study has not established a causal association between neuroticism and mental health care costs. There are several possible pathways through which neuroticism may have an effect on economic costs. First, there could be an indirect effect in which neuroticism causes or increases the risk of making economic costs. Because we have not assessed all mental and somatic disorders in this study, it is possible that if every mental disorder had been assessed, the costs of discrete mental disorders would equal that associated with high neuroticism. But, it is also possible that there is a direct effect of neuroticism on the economic costs. In this case, people scoring high on neuroticism would, for example, be more inclined to seek help for problems or disorders than other people. To establish a causal association between neuroticism and mental health care costs, a longitudinal design would have been more appropriate.
Can neuroticism be used as a starting point for the development of new interventions for prevention and treatment? Because neuroticism is a personality characteristic, it is relatively stable, although there are indications that personality can change to a certain extent during the life course. 48, 49 Some indications suggest that selective serotonin reuptake inhibitors may reduce the level of neuroticism in depressed patients. 18, 50 However, it should not be expected that current treatments can cure or substantially reduce neuroticism. Given the stability of this personality trait, the high heritability, and the likely geneenvironment correlations operating for this trait, it is unlikely that treatment will be achieved easily.
On the other hand, we should not be too pessimistic about interventions to reduce mental health problems associated with neuroticism. Whether interventions aimed at neuroticism and the prevention of mental health problems are effective is an empirical question, and randomized trials should be conducted to test the hypothesis of a causal association between neuroticism and mental health and to evaluate the malleability of neuroticism.
There is no doubt that the effect of neuroticism on individuals and on public health is considerable, and we showed that it is also associated with enormous economic costs. Perhaps we should start thinking about interventions that focus not on each of the specific negative outcomes of neuroticism but rather on the starting point itself. 
